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Abstract  
Korea Institute of Energy Research (KIER) and Korea Electric Power Research Institute (KEPRI) have developed the carbon 
dioxide (CO2) capture system using dry regenerable sorbents since 2002. The principle of the CO2 capture with regenerable solid 
sorbents is the reversible reaction between potassium carbonate and potassium bicarbonate in a thermal-swing process. Based on 
this reaction, we developed a bench scale unit (BSU) which treated 100 Nm3/h of flue gas in late 2006. The BSU consisted of a 
transport fluidized-bed carbonator, cyclones, a loop-seal, and a bubbling fluidized-bed regenerator. We have tested the BSU 
facility using a slip stream of the real flue gas from a coal-fired circulating fluidized bed combustor located at KIER in order to 
check the performance of CO2 removal, the stability of operation. The results showed that more than 80% of CO2 removal had 
been maintained during more than 50 hour continuous operation and its maximum reached at the 85% level. Those results 
indicated that the CO2 capture system using solid sorbents developed here could be applied to coal-fired power plant. In the 
meanwhile, we set the small scale unit which consists of two bubbling beds for carbonation and regeneration in order to 
investigate the effect of several operating variables on the CO2 removal. The performance of the small scale unit was investigated 
through the continuous operation with solid circulation under the same experimental conditions as the BSU facility. The CO2
removal of the small scale unit was reached at the 83% level with the inlet CO2 concentration of 10 vol.%. The CO2 removal 
increased as the water vapor content in the inlet flue gas stream, regeneration temperature, and solid circulation rate increased
while it decreased as the gas velocity of the carbonator and carbonation temperature increased. It was found that the performance 
of the CO2 removal was very sensitive to the water vapor content in the inlet gas stream and the gas velocity of the carbonator 
(gas-solid contact time in the carbonator). The construction of 0.5 MW scale pilot plant based on the results of BSU at KIER has
been finished in late 2009 at the Hadong Coal-Fired Power Plant, Korea Southern Power Company. The overall performance of 
pilot plant showed very promising and its CO2 capture performance reached at the 85% level. A 10 MW scale CO2 capture plant 
next development step after 0.5 MWe at the Hadong Coal-Fired Power Plant will be started to construct at the same site in late 
2011.
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1. Introduction 
In order to mitigate the global warming, the greenhouse gas emissions which promote climate change should be 
reduced. The carbon dioxide, one of the greenhouse gases, has largest contribution from human activities for the 
global warming. To reduce the concentration of CO2 in the earth’s atmosphere, net CO2 emissions into the 
atmosphere should be reduced. Hence, several methods have been developed for CO2 capture such as wet absorption, 
physical adsorption and membrane separation. However, these methods have been faced on the limits of cost and 
energy required to treat the massive flue gas streams from fossil fuel-fired power plants which are the major CO2
emission sites. 
As a breakthrough concept, CO2 capture using dry regenerable Na or K-based solid sorbents has been studied for 
CO2 recovery [1-12]. CO2 is efficiently removed from the flue gas stream by reacting with solid sorbents in the 
carbonation reactor while off-gas containing only CO2 and H2O is generated in the regeneration reactor. The 
condensation of an off-gas generates highly pure CO2, which is suitable for chemical feed stock or storage. The 
reactions are as follows: 
M2CO3 + CO2 + H2Oȥ 2MHCO3, exothermic     (1) 
2MHCO3ȥ M2CO3 + CO2 + H2O, endothermic    (2) 
where M represents alkali or alkali-earth metal.  
Besides alkali or alkali-earth metal based dry sorbents, NETL developed immobilized amine sorbent and 
encapsulated amine-based sorbent [13]. ADA-ES has screened several types of sorbents such as supported amines, 
carbonates, carbon and zeolites at lab-scale within 3 g of sorbent. It is reported that supported amines and carbonates 
have high working capacity and supported amines have lower theoretical regeneration energy than carbonates [14]. 
ADA-ES announced that pilot testing (1 to 5 MWe) will be continued in the second phase. 
In the viewpoint of process development, KIER has reported several experimental results using coal-fired flue 
gas. KIER reported continuous operation results of 2 Nm3/h of gas treatment facility which consists of a fast 
fluidized-bed carbonator and a bubbling fluidized-bed regenerator [9]. KIER also reported continuous operation 
results of 100 Nm3/h of gas treatment facility of which configuration is exactly same as 2 Nm3/h of gas treatment 
facility [4]. Based on several tests, we designed a pilot plant (2,000 Nm3/h of gas treatment facility; 10 ton CO2
captured per day; 0.5 MWe scale). The pilot plant consisted of a transport type carbonator and a bubbling type 
regenerator, whose configuration is similar to the 2 Nm3/h and 100 Nm3/h of gas treatment facility. The pilot plant 
was constructed at Hadong coal-fired power plant (Unit #3) in Korea Southern Power Company.  
In this study, installation and several test runs of a pilot plant are covered in detail. We first measured the solid 
circulation rate according to the valve opening area. We also checked the cyclone efficiency by 9-day continuous 
operation with solid circulation. The solid inventory was not changed due to the high efficiency of the cyclone and 
strong mechanical strength of the solid sorbent. We controlled the temperature of carbonator and regenerator using 
cooling water and steam, respectively. We are now investigating the performance of the pilot-scale unit by 
continuous operation as well as finding out the optimal operating conditions to maximize CO2 capture performance. 
2. Experiments 
Fig. 1(a) shows a photo image of the pilot plant of CO2 capture using dry sorbents. The process consists of a fast 
fluidized-bed carbonator, a bubbling fluidized-bed regenerator, a multi-cyclone. The 0.5 MW pilot plant slip-
streamed of 500 MW power plant was installed at the Hadong Coal-Fired Power Plant (Unit #3), Korea Southern 
Power Company. The location of a pilot plant was located in the middle of Gas Gas Heater (GGH) since the 
carbonation temperature of K-based solid sorbents is around 70oC. Fig. 1(b) shows the configuration of the 0.5 MW 
CO2 capture pilot plant where the flue gas temperature is around 80
oC so that no additional heating or cooling is 
needed to meet the carbonation temperature. In order to analyze the CO2 capture efficiency, gas analyzers were 
installed and measured inlet and outlet CO2 concentration of the carbonator and outlet CO2 concentration of the 
regenerator.  
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Fig. 1 (a) A photo image of a pilot plant; (b) Configuration of a pilot plant. 
We measured the solid circulation rate according to the valve opening area. We also checked the cyclone 
efficiency by 9-day continuous operation with solid circulation. By introducing a flue gas, several test runs were 
executed in order to investigate the performance of a pilot plant.  
3. Results and Discussion 
Fig. 2(a) showed that the differential pressure (dP) of a carbonator. As increasing the opening area of slide valve 
which is located between a carbonator and a regenerator, the differential pressure of a carbonator increased.  
(a)          (b) 
Fig. 2 (a) The differential pressure of a carbonator in the cold mode test for measuring the solid circulation rate; 
(b) The differential pressure of solid inventory for 9-day continuous operation. 
Fig. 2(b) showed the sum of differential pressures of a regenerator and a sorbent cooler. The total differential 
pressure indicated the whole solid inventory of a pilot plant. From Fig. 2(b) solid inventory were not changed by 9-
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day continuous operation, which means that multi-cyclone efficiency is high enough to collect the solid sorbents and 
that the mechanical strength of solid sorbent is also strong enough. 
Fig. 3 showed the differential pressure of a carbonator and a regenerator during 7-day continuous operation. By 
changing the solid circulation rate, bottom differential pressure in a carbonator was maintained around 100 to 200 
mmH2O. The differential pressure of a regenerator was maintained at a constant value of 1,500 mmH2O. In these 
experiments, the carbonation temperature was maintained between 70 and 80oC by changing the flow rate of cooling 
water (25 to 27oC CCW) and the regeneration temperature was maintained around 150 to 200oC by changing the 
flow rate of steam (17 kgf/cm
2 gauge saturated steam). Both CCW and saturated steam were supplied from a power 
plant. We investigated the CO2 removal efficiency by varying the carbonation temperature, regeneration temperature, 
moisture content of flue gas, solid hold-up in a carbonator and the solid circulation rate. As a result, the CO2
removal range was varied from 50% to 80% according to the operating variables. The maximum of CO2 capture 
performance reached at 85% level in this preliminary test run. 
(a)           (b) 
Fig. 3 The differential pressure of (a) a carbonator, (b) a regenerator during 7-days continuous operation. 
4. Conclusions 
A 0.5 MWe pilot plant which handles 2,000 Nm3/h of flue gas treatment was successfully constructed at the 
Hadong Coal-Fired Power Plant, Korea Southern Power Company. We measured the solid circulation rate according 
to the slide valve opening area. We also checked the cyclone efficiency by 9-day continuous operation with solid 
circulation. The solid inventory was not changed due to the high efficiency of the cyclone and strong mechanical 
strength. We controlled the temperature of carbonator and regenerator using cooling water and steam, respectively. 
We have performed more than 20-day continuous operation consecutively using the same dry sorbents. During the 
continuous operation, we investigated the CO2 removal efficiency by varying the carbonation temperature, 
regeneration temperature, moisture content of flue gas, solid hold-up in a carbonator and the solid circulation rate. 
As a result, the maximum CO2 removal reached at the almost 85% level and the CO2 removal range was varied from 
50% to 80% according to the operating variables. We are now investigating the performance of the pilot-scale unit 
by continuous operation as well as finding out the optimal operating conditions to maximize plant efficiency. A 10 
MW scale CO2 capture plant next development step after 0.5 MWe at the Hadong Coal-Fired Power Plant (Unit #3) 
will be started to construct at the same site (Unit #8) in late 2011.  
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